allow for easy pollution of groundwater in the weathered overburden. The potable water in the deep-seated fractured zone can only be reached with boreholes which are usually expensive and out of reach of most households. In the absence of reliable public water supply, most households rely on hand-dug wells which tap their water from the shallow water table within the weathered overburden. Pollution in this type of aquifers occur both in time and space. Thus there is need for continuous study of groundwater in weathered overburden to understand the hydrodynamics within the subsurface system and to determine the saturated thickness of this shallow aquifer within the overburden (Asiwaju et al, 2013) . Water is essential to people and the largest available source of fresh water lies underground. Increased demands for water have stimulated development of underground water resources. As a result, techniques for investigating the occurrence and movement of groundwater have been improved, better equipment for extracting groundwater has been developed, and concepts of resource management have been established. This study therefore aims at assessing the geoelectric characteristics of the aquiferous units and their implication on groundwater potential of the area with attention on the delineation of the fracture system, overburden thickness and lithologic variation across the terrain.
Location and Physiography
The area of study is in the Laduga community located in Kajuru and Zango Kataf
LGAs which share borders with Kauru LGA of Kaduna state (Figure 1) The area is relatively flat with few and isolated outcrops. Map showing the location of study area with the VES points are shown in Figure 2 .
Climate and Vegetation
The area of study lies within the tropical Savanna climate with distinct dry and wet seasons. The dry season occurs between October and April. There is a severe harmattan in December and January. This is the period when the north-east Trade winds begin to blow southwards into the country from the Sahara belt. At this period, it is generally cooler than normal and less humid, and visibility at certain times is restricted as a result of airborne dust. Vegetation in the area is of typical Sudan Savannah, characterized by sparse shrub and interrupted by large isolated trees. There is more continuous cover of grasses. Mean annual evaporation for the area ranges between 1110 -1280mm.
Basic Principles
Electrical Resistivity methods directly gauge the bulk electrical resistance of the ground by measuring spatially varying voltages induced by the passage of an electrical current between electrodes implanted at the (Telford et al, 1990 ). Since most rocks and soils are practical insulators, resistivity of rocks and soils is determined by the amount of conducting mineral constituents and mineralized water in the pores and interstices. The later condition is by far the dominant factor and in fact most rock and soil conduct electric current only because of the contained water. (Kolert, 1969) The most common electrical resistivity methods are Schlumberger, Wenner, and Dipole dipole methods (Telford et al, 1990 ). The quantity of interest in electrical resistivity survey is the transfer impedance Z, where Z=V/I (i.e Z has a dimension of R). (Keary and Brooks, 1984) . In D.C sounding, Z becomes R, the transfer resistance and has the dimension of ohms. R is proportional to the apparent resistivity of the medium. 
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II. Geology And Hydrogeology
The study area consists mainly of the migmatite-Gneiss Complex which consists of migmatite, biotites and granitic gneiss. The migmatite gneiss complex represents reactivated metasedments which are characterized by a variety of structures and textures. Now, the basement complex lies in an extensive Pan-African mobile belt situated between the West African and Congo Cratons. It consists of a wide variety of metamorphic and igneous rocks and has been shown to be polycyclic with ages ranging from 2800M.a to 450M.a. The Pan-African event (600±150M.a) was the latest reactivation that affected the whole region (Fitches et al, 1985) , and it caused regional metamorphism and deformation which imposed a generally N-S foliation trend and brought about the emplacement of granitoids. The basement complex can be subdivided into three major lithological units which are Migmatite-Gneiss complex; Older Granite and Schist Belt. The crystalline basement complex can thus be considered to compose mainly of metamorphic rocks. The major rock type in the area of study comprises of migmatite-gneiss complex that underlain most of the area. The metasedimentary series consists of undifferentiated schist, including gneiss, fine grained flaggy quartzite and pegmatites. These are metamorphosed sedimentary and metavolcanic rocks. The area is capped by laterites. The laterites are sometimes highly consolidated especially at the surface and weathered into lateritic nodules mixed with silty and sandy clays. The storability and hydraulic conductivity of groundwater flow systems in the crystalline basement areas as in the area of study depend on the extent of development of secondary structural features such as the weathered overburden and fractures. These fractures tend to close with depth due to increasing weight of the overburden. In this area groundwater therefore occurs either in the weathered mantle or fractured systems of the unweathered or partly weathered bedrock or both as these two aquifer types mostly interconnected in places culminating in groundwater basins. Due to differential weathering, these groundwater basins are often localized in such a way that it becomes desirable for a geophysical investigation to be carried out prior to drilling to locate them as accurately as possible to avoid abortive wells. This is the justification for the investigations. The local hydrogeology at the premises investigated is characterized by shallow groundwater conditions as is evidenced by the presence of dug wells (about 6m depth) reflecting encouraging potentials for groundwater development.
III. Materials And Methods
The Schlumberger array of resistivity method was employed for the sounding, using ABEM Terrameter SAS 300B (powered by 12V battery) in conjunction with electrodes, connecting wires, plugs, clips and hammer etc. The method usually gives optimal results for depth definition. The data are collected along the traverses at the various VES points. The principle of the resistivity method is that an electric current is passed into the ground through two outer electrodes, and the resulting potential difference (voltage drop) is measured across two inner electrodes, while the ratio of the potential difference to the current is displayed by the meter as a resistance. The electrodes are arranged in collinear pattern and symmetrically about a centre point which is the point of investigation. A geometric factor is calculated as a function of the electrode spacing and resistance readings multiplied by it to give an apparent resistivity value. The electrode spacing is progressively increased, keeping the centre point of the electrode array in fixed position.
IV. Results And Discussion
Results
The VES interpretation results are presented in Figures 3 to 14 , while the pseudo and resistivity sections across VES1 to VES 6 and across VES 7 to VES 12 are presented respectively in Figures 15 to 18 . In addition, Table 2 shows the Geoelectric parameters deduced from the VES interpretation. 
Discussion
The VES results were initially interpreted manually on the field and then improved upon using the IPI2Win Resounding Interpretation Softwares whose results are presented in Figures 3 to 18 as field digitized curves, pseudo and resistivity sections. Deductions from the interpretation are as follows:
The VES interpretation shows typically 5 layer curve of the type KQH, i.e, ρ 1 ˂ρ 2 ˃ρ 3 ˃ρ 4 ˂ρ 5 at Wuro Dalle (VES 9); 4 layer curves of the type KH, i.e ρ 1 ˂ρ 2 ˃ρ 3 ˂ρ 4 at Marjire, Wuro Dalle (VES 10) and Tilde Bayero ; 4 layer curve of the type KQ, i.e ρ 1 ˂ρ 2 ˃ρ 3 ˃ρ 4 at Tundun Labi VES 5; 4 layer curve of the type QH, i.e ρ 1 ˃ρ 2 ˃ρ 3 ˂ρ 4 at Tundun Labi VES 6; 4 layer curve of the type AK, i.e ρ 1 ˂ρ 2 ˂ρ 3 ˃ρ 4 at Yolde Dorobe VES 7; 4 layer curve of the type AA, i.e ρ 1 ˂ρ 2 ˂ρ 3 ˂ρ 4 at Yolde Dorobe VES 8. While the 3 layer curves are of the K type, i.e ρ 1 ˂ρ 2 ˃ρ 3 , and are found at Tiggirde. The five layers correspond to five lithologic units which are; top lateritic soil, silty/ sandy clay, weathered basement, fractured basement and very fresh basement. While the four layers correspond to four lithological units, which are top soil, sandy clay zone, weathered basement and fresh but fractured basement. And the three layers correspond to three lithological units, which are top soil, more resistive sandy clay unit and fresh but fractured basement. Both the weathered basement (regolith) and the fractured zones at depths constitute the aquifers of interest. For Marjire, the depth to basement ranges between 7.03 and 7.58m. While the thickness of the weathered layer and corresponding resistivities range are 3.78 -3.88m and 13.6-13.9Ωm respectively. Here the fractured zone is absent.
For Tiggirde, the depth to basement ranges between 0.382 and 0.533m and as such very shallow as evident in the well the villagers had to abandon as they met crystalline rocks at a shallow depth of about 2m. The relatively low resistivity values of layer 3 (basement) suggests fractured zones at depths. For Tundun Labi, the depth to basement ranges from 0 to 0.351m, this can be justified by the presence of basement outcrops found in the vicinity of the area of survey. The relatively low resistivity values of layers 3 and 4 in VES 5 and layers 2 and 3 in VES 6 indicate fractured basement. The depth to'very' fresh (unfractured) basement in VES 6 is 46.7m, leaving about 45.15m as thickness of the fractured zone. While the thickness of the weathered zone in VES 5 is not defined.
At Yolde Dorobe, the overburden thickness ranges from 6.29 to 12.9m. While the thickness of the weathered layer and corresponding resistivities range are 5.69-12.0m and 412.0-637.0Ωm respectively. The thicknesss of the fractured zone ranges from 7.445m to ∞. For Wuro Dalle, depth to basement ranges between 6.38 and 20.1m. While the thickness of the weathered layer and corresponding resistivities range are 3.82-6.96m and 149.0-487.0Ωm respectively. The thicknesss of the fractured zone ranges from 11.7m to ∞ Finally, at Tilde Bayero, the depth to basement is between 0.421 and 2.57m. In VES 11, the thickness of the weathered basement is about 1.42m with a corresponding resistivity of 56.6Ωm.No fracture is indicated here. The thickness of the overburden in VES 12 is 0.421m, implying negligible weathered basement. Although there is a well developed fracture zone with a thickness of 14.9m
Considering Pseudosection across VES1-VES6 (Figure 15 ), the high groundwater potential is found from VES1 to just a little beyond VES2, with a resistivity range of between 180 and 400Ωm at shallow depth ranging from 0 to about 15m. While the resistivity values decreases further (i.e less than 200Ωm) from 20m depth. The area just a little beyond VES2 to VES4 is completely a high resistive zone up to 20m depth as the resistivity values range from about 500 to ˃1000Ωm, although, the resistivity values diminish at deeper depth and this may be due to fractures in the basement. Between VES 4 and VES6, the high resistivity range is found at shallow depth up to 5m, while the low resistivity range of 180-400Ωm is found at deeper depth. Also, Figure  16 shows the Pseudosection across VES7-VES12. Here, between VES7 and VES8, low resistivity values of about 10-500Ωm is found at shallow depth up to 5m.While the high resistivity range (500 to ˃1000Ωm) is found at deeper depth (5 to ˃50m). At the vicinity of VES 9, the resistivity values generally range from 400 to 650Ωm. And just beyond VES 9 to VES 12, the resistivity values range from about 300 to 400Ωm up to a depth of 20m. Although, the resistivity values becomes higher at deeper depth at a range between 500 and ˃1000Ωm. 
V. Conclusion And Recommendation
The VES interpretation has been carried out to investigate the variation in the spatial distribution of aquifers in the area of study. And from the results, it has been shown that there is considerable variability in extent, type, thickness, water content, permeability and resistivity of the aquifers within the study area which can be said to be less than 5km 2 (See Table 2 ). This is quite unlike what is expected to be found in a sedimentary environment where aquifer properties are constant over a large area. For water borehole development in the area of study, the groundwater potential in the area of study can be considered to be medium and the following VES points are recommended for drilling with respect to the VES interpretation; VES1, VES2, VES5, VES6, VES9, VES10 and VES12.
